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ferred embodiment of the Comerford patented sol- 
dering system the first soldering station comprises 
a wave soldering assembly consisting of two wave- 
forming solder sumps including a first nozzle for 
forming a bidirectional wave and a second nozzle 
for forming a second substantially unidirectional 
wave, and the second mass soldering station com- 
prises a convection heating assembly consisting of 
one or more heated nozzles for directing heated 
fluid streams substantially vertically downwardly 
onto the top side surface of the board. In a particu- 
larly preferred embodiment of the invention the 
heated fluid comprises heated air. Completing the 
Comerford patented apparatus is means for trans- 
porting the circuit boards to be soldered in-line in 
timed sequence between the first mass soldering 
station and the second mass soldering (reflow) 
station. 

The Comerford patented mass soldering sys- 
tem has been incorporated into mass soldering 
systems available from Hollis Automation, Inc. and 
is considered to constitute a significant advance 
and contribution to the art of mass soldering. And, 
while the above described Comerford patented 
mass soldering system can be used for mass sol- 
dering circuit boards containing only surface moun- 
ted components, the Comerford patented mass sol- 
dering system is overly complex for soldering cir- 
cuit boards having no leaded components. 

It is thus a primary object of the present inven- 
tion to provide a mass soldering system, i.e.. ap- 
paratus and process, which overcomes the afore- 
said problems of the prior art. 

Another object of the present invention is to 
provide an improved apparatus and process for 
mass reflow soldering components to a circuit 
board. 

Still other objects will appear obvious and in 
part will appear hereinafter. 

The invention accordingly comprises the pro- 
cesses involving the several steps and relative or- 
der of one or more of such steps with respect to 
each other and the apparatus possessing the fea- 
tures, properties and relations of elements which 
are exemplified in the following detailed description 
and the scope of the application of which will be 
indicated in the daims. 

In the following detailed description of the in- 
vention, the term "component" refers to so-called 
surface mounted components or devices such as 
chip components as well as carriers therefor. The 
term "component lead" refers to that part of the 
metal conductor of an electrical or electronic com- 
ponent that is joined to the printed circuit board 
pattern. The term "land" as used herein refers to 
that part of metallic pattern on the printed circuit 
board to which a component or component lead is 
joined by solder, the terms "top side surface" and 



"bottom side surface" as used herein with refer- 
ence to the circuit board are meant simply to refer 
to the opposed board surfaces of the circuit board; 
the terms "top" and "bottom" respectively denote 
5 spatial orientation of the circuit board only as it is 
being processed in the soldering apparatus in ac- 
cordance with the present invention. The term 
"mass reflow soldering" is intended to refer to the 
soldering technique in which solder connections 
iq are made by reflow of preapplied solder preforms, 
or solder cream paste on a circuit board. The term 
"forced convection" as used herein with reference 
to the convection heating means is meant to dif- 
ferentiate driven convective heating means as em- 
rs ployed in the invention from natural convection 
movement The terms "relatively low velocity" and 
"relatively high velocity" as used herein with refer- 
ence to the convection heating means are em- 
ployed as relative terms. 
20 The present invention provides a novel system, 

i.e. method and apparatus for reflow soldering sur- 
face mounted components to one or both sides of 
a circuit board in a single pass whereby to me- 
chanically and electrically join the components to 
25 the circuit board. 

More particularly, in accordance with the 
present invention, there is provided a solder reflow 
system for mass joining with solder electrical and 
electronic components affixed on a circuit board 
30 and populating one or both surfaces of the board 
by heating the board and components sufficiently 
to reflow preapplied solder in the form of preforms 
and/or solder paste or cream by means of a com- 
bination of heat sources, including a first, heating 
35 zone comprising a combination of infra-red heating 
means and relatively low velocity forced convection 
hot gas heating means for preheating the board 
and components and leveling the temperature of 
the preheated board and components to just below 
40 the reflow temperature of the solder; and a second 
heating zone comprising relatively high velocity 
forced convection hot gas heating means for rais- 
ing the temperature of the board and components 
sufficiently high to effect reflow of the solder there- 
45 on. In a preferred embodiment of the invention, 
heat produced by the infra-red heating means in 
the first preheating zone is captured at least in part 
and is recycled in the convection hot gas stream. 
Completing the system are means for transporting 
so the circuit boards to be soldered in-line in timed 
sequence between the first (preheating) zone and 
the second (reflow) zone. 

For a fuiler understanding of the object of the 
present invention, reference should be had to the 
55 following detailed description taken in connection 
with the accompanying drawings in which like nu- 
merals depict like parts, and in which: 



5 



0 279 604 



6 



Rg. 1 is a side elevational view, diagram- 
matically illustrating a mass soldering system ac- 
cording to the present invention; 

Rg. 2 is a top plan view of a portion of the 
mass soldering system shown in Rg. 1; 

Rg. 3 is an end view of the mass soldering 
system shown in Rg. 1 ; 

Rg. 4 is a graph illustrating measurements 
representing time/temperature profiles of the top 
side surface of circuit boards passing through the 
mass soldering system of Rgs. 1-3 operating in 
accordance with the teachings of the present inven- 
tion; and 

Rg. 5 is an enlarged simplified drawing illus- 
trating the heating effects achieved in accordance 
with the teachings of the present invention. 

Referring to Rgs. 1 to 3, a printed circuit board 
14 is loaded at an insertion station (not shown) with 
a plurality of electrical and electronic components 
18 on the top side surface 20 of the board. For 
convenience of illustration, the components are 
shown loaded only on the top side surface of the 
board. However, as will become clear from the 
description following, the invention is equally useful 
for refiow soldering components to the top and/or 
bottom side surfaces of a circuit board. The board 
14 comprises an insulated wiring board having one 
or more printed metallic conductors (not shown) on 
the board top side surface 20. Components 18 are 
temporarily affixed in known manner in suitable 
locations on the board top side surface by means 
of a solder paste or the like applied to the compo- 
nent leads and circuit lands. If desired components 
18 also may be affixed to the circuit board by 
means of an epoxy adhesive or the like applied to 
the component bodies. 

The component carrying board is then loaded 
on a conveyor 22 for travel through the solder 
refiow apparatus in accordance with the present 
invention as indicated generally at 30\ Refiow ap- 
paratus 30' is dividied into a preheat zone compris- 
ing plurality of functional heat management zones, 
indicated by the Roman Numerals I to IV which 
correspond to the heat management zones and 
description temperature graph of Rg. 4 as will be 
described hereinbelow, and a refiow zone indicated 
by Roman Numeral V. As will be described below, 
dividing the refiow apparatus 30' into a plurality of 
heat management zones permits controlled heating 
whereby to provide a desired temperature ramping, 
and stabilization of temperature whereby to avoid 
overheating and/or underheating of individual com- 
ponents. 

More particularly, with reference to Rgs. 1 and 
4. and as will be further .described in detail 
hereinafter, in preheating Zone I. heating is primar- 
ily effected by means of an infra-red (IR) heat 
source, with little or no suppiimentai convective gas 



heating. In preheating Zone II, IR heating is sup- 
plemented with a relatively low velocity hot gas 
convective heating whereas to maintain the in- 
creasing temperature ramp, while levelling, in part, 
s the temperature differences resulting from IR ab- 
sorption rates due to reflectivity, shadowing and 
nesting of components relative to one another. In 
preheating Zone III, heating is primarily achieved 
by means of relatively low velocity heated gas 
to convective heating with IR heating optional. 
Preheating Zone III contributes to the increasing 
temperature ramp, while further levelling compo- 
nent temperature differences and achieving an effi- 
ciency balance between component temperature to 
rs air temperature. Preheating Zone IV comprises ad- 
ditional relatively low velocity hot gas convection 
heating means for heating the circuit board and 
components to just below the refiow of the tem- 
perature of the solder. Rnaily, in refiow Zone V, 
20 heating is achieved by means of one or a plurality 
of hot gas knives which produce a relatively high 
velocity convective gas stream for heating the 
components and circuit board top side surface to a 
temperature above the refiow temperature of the 
25 solder. 

Turning now to Rgs. 1 to 3 of the drawings, the 
heat management zones as provided by the^ ap- 
paratus of the present invention will now be dis- 
cussed in detail. While in certain instances fluids 
30 other than air may be used as the hot gas working 
fluid for the convection heating and should be 
considered as being within the scope and spirit of 
the present invention, the preferred working fluid 
generally is air. More particularly, the apparatus 
35 comprises an electrically powered, variable speed 
blower 38 connected between its inlet pipe 40 and 
an air supply plenum 42 which, in turn, is con- 
nected to supply air to various smaller plenums 
and nozzles to be described in detail below. In a 
40 preferred embodiment of the invention, a control 
system 44 is connected to receive temperature 
inputs from sensors within the enclosure -46 of 
refiow station 30' as typified by the sensor in- 
dicated at 48. Preferably temperature sensors will 
45 be located within the individual plenums. Tempera- 
ture sensors and the types of control systems 
employing them are well known in the art and are 
available commercially and. therefore, in the inter- 
est of simplicity and avoiding redundancy herein, 
50 they will not be described in detail. 

Control system 44 is operatively connected to 
control the speed of the blower 38, a damper 50 
controlling the mixture of outside air 52 and recir- 
culated enclosure air 54 from within the enclosure 
55 46 being pumped to the plenum 42. one or more 
dampers or valves (not shown) for controlling the 
volume and temperature of heated air directed to 
the various air outlet nozzles as will be described 
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in detail hereinafter, and (optionally) an in-line heat- 
er 56 for adding heat to the system when the 
enclosure air 54 alone is of insufficient temperature 
to affect the desired objectives. 

A typical arrangement for preheating Zones I, II 
and III is shown in top view in Fig. 2 and in end 
view in Fig. 3. Pairs of spaced plenums 58A. 58B, 
58C are disposed above and below conveyor 12 
carrying the printed circuit boards 14 thereon. 
Plenums 58A, 58B, 58C are connected to receive 
convection air 60 through inlets 59 from the air 
supply plenum 42 and contain a plurality of upwar- 
dly and downwardly facing nozzles 61 through 
which the heated air 60 emerges to flow across the 
broad surfaces of a printed circuit board 14 pass- 
ing therebetween. Preferably, but not necessarily, 
nozzles 61 are disposed between banks of spaced 
IR heaters 28A, 28B, 28C. The latter preferably 
comprise quartz-lamp, high mass type heaters as 
are conventionally employed as IR preheaters in 
mass soldering systems. In like manner, side 
plenums 63A t 63B, 63C are disposed on opposite 
sides of the conveyor 12 and are also connected to 
receive convection air 60 through inlets 62 from the 
heated air supply plenum 42. Heated air may be 
recaptured and recycled by suitable return means 
.(not shown) adjacent the ends of enclosure 46. 
Alternatively, the side plenums may be plumbed as 
returns. 

One or more of the banks of IR heaters 28A, 
28B and 28C in the preheating Zone are indepen- 
dently operably and include independent feedback 
control. In a preferred embodiment of the invention, 
the preheating Zone comprises six separately con- 
trolled banks of IR heaters disposed three banks 
above and three banks below the travel path of the 
circuit boards. In like manner plenums 58A t 58B, 
58C and 63A, 63B, 63C are arranged so that the air 
flow and temperature of air emanating from these 
plenums may be separately controlled. In a particu- 
larly preferred embodiment of the invention, the 
temperature of the air emanating from the first in- 
line plenums 58A and 63A is adjusted to run slight- 
ly cooler than the temperatures expected to be 
reached by the circuit board and components so as 
to force temperature leveling. In preheating Zones 
II. Ill and IV, the temperature of the air emanating 
from the plenums may be at or slightly above the 
preheat target temperature for the board and com- 
ponents. 

The effect of this arrangement is illustrated in 
Fig. 5. Low profile components 66 are shadowed 
by higher profile components 68 from receiving the 
IR radiation indicated by the lines 70. Assuming 
that one of the shadowing components 68 is ab- 
sorbing the IR radiation and re-radiating heat as 
indicated by the wave lines 72. the convection air 
60 as indicated by the dashed lines so numbered, 



passes over, under, around and through the com- 
ponents 66. 68 picking up heat from and cooling 
the overheated, radiating components and transfer- 
ring the heat to the cooler, underheated compo- 
5 . nents. The overaJI effect is a stabilizing of the 
entire temperature profile of the board 14 and 
components 68, 68 to a temperature approximating 
that of the temperature of the air 60. Thus, by 
controlling the speed of the blower 38 and/or the 
io mixture of outside air 52 and inside air 54 (and in- 
line heater 56 as necessary), a desired temperature 
profile can be achieved. 

As shown in Fig. 2, one or more adjustable 
nozzle assemblies 74, connected to receive heated 
is air 60 optionally can be provided for selectively 
directing air flow against particularly troublesome 
components during a specific soldering operation. 
In this manner, selected components could be se- 
lectively cooled or heated, whereby to achieve a 
20 more level and consistent temperature of the var- 
ious components on the board, thus compensatong 
for the individual components' different IR absorp- 
tion rates due to reflectivity, shadowing and nest- 
ing. As those skilled in the art will appreciate, while 
25 not specifically shown nor described herein for the 
sake of simplicity, the apparatus for each of 
preheating Zones I, II and IV could be separately 
pumped, mixed and/or heated under separate tem- 
perature control as may be required for the particu- ^ 
30 lar operation. 

The hot air knife 76 of preheating Zone III 
preferably produces a higher velocity stream of 
heated air 60 than that employed in preheating 
Zones I, II and IV, and may also incorporate a 
35 separate heater within its supply plenum 78. if 
desired. 

Zone V comprises the reflow section of the 
soldering system made in accordance with the 
present invention. In the preferred embodiment of 
40 the invention Zone V comprises three separately 
controlled hot air knives 80, 82 and 84, similar in 
construction to the hot air knives taught in U.S. 
Patent No. 4,410.126 to Harold T. O'Rourke, as- 
signed to the common assignee. Hot air knives 80. 
45 82 and 84 are operated at higher temperature and 
flow rates than the hot air nozzles in preheating 
Zones I to IV previously described. Unlike the hot 
air nozzles in preheater Zones I to IV which are 
operated primarily to enhance thermal leveling, the 
so hot air knives in preheater Zone V are designed 
and operated primarily to input sufficient additional 
heat to substantially uniformly raise the tempera- 
ture of the board and components sufficiently high 
to reflow the solder cream or paste and. or solder 
55 preforms on the board. Thus, while the air em- 
ployed in preheating Zones I io IV generally may 
be at a temperature ranging from about ambient to 
about 350 °F. the hot air employed in reflow Zone 
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V should be at a temperature in the range of about 
350°F to about 900 oo F, or higher. 

The air employed in preheating Zones I to IV 
may in certain applications be at somewhat higher 
temperatures, e.g. up to about 500 °F or even high- 
er. However, due to the relatively low air flow rates 
employed in preheating Zones I to IV the heat 
input from operating at such higher temperatures 
generally will not be sufficient to effect reflow in 
Zones I to IV. Air flow rates may be adjusted 
empericaily in Zones I to IV to achieve the desired 
temperature leveling and in Zone V to achieve the 
desired reflow. Actual flow rates depend on a num- 
ber of variables including target temperatures, heat 
input from IR heaters, number, size, configurations 
and spacing of air nozzles or air knives, ambient 
temperatures and work load- Generally, for the pur- 
poses of this invention good results have been 
achieved operating the relatively low velocity con- 
vection heating means at air flow rates in the range 
of about 10 to about 50 feet per second as mea- 
sured at the air nozzle air knife outlet, and operat- 
ing the relatively high velocity convection heating 
means at air flow rates above about 50 feet per 
second as measured at the air nozzle or air knife 
outlet 

Initial tests indicate that the thermal levelling of 
the present invention can improve the process 
throughout from the normal 1.0 to 1.5 fpm for a 
pure IR reflow system to at least 2.5 to 3.5 fpm. 
Moreover, as can be readily appreciated from the 
description hereinbefore, the thermal levelling ac- 
complished in the preheating Zones I to IV virtually 
eliminates the possibility of component or board 
damage due to thermal shock and/or overheating. 

In order to achieve better heating uniformity of 
the components and circuit board top surface, the 
heated convective gas in the preheating zone or 
zones is flooded or flowed, at relatively low ve- 
locity, in conjunction with the infra-red preheating. 
The low pressure, low velocity flow of heated con- 
vective air produces an improved distribution of 
component and board surface temperature. Obvi- 
ously, the convective gas flow in preheating Zones 
I to IV should be flowed over the circuit board and 
components at a velocity sufficient to more evenly 
distribute surface temperatures, but not so high as 
to disturb the components. The convective air flow 
thus lowers the temperature of high IR absorption 
components and raises the temperature of lower IR 
absorption components. 

A feature and advantage of the present inven- 
tion is that the system utilizes normally wasted 
thermal heat by re-circulating IR derived heat with- 
in the system enclosure. However, should the recir- 
culated air reach a steady state higher than desired 
range for preheat or reflow soldering, ambient 
makeup air readily can be added through a ther- 



mistor controlled dampened inlet. Additional heat 
can be provided, if required, by a heat source 
within the air manifold. 

As noted supra, the reflow Zone V comprises 

s one or a plurality of heated air knives, fluid jets, 
slots, nozzles or the like indicated at 80, 82, 84. 
from which a relatively high pressure heated fluid 
stream such as air is directed to the top side 
surface of the board. A single air knife can be used 

io under certain circumstances; however, it has been 
found that a minimum of two and preferably three 
air knives are preferred in order to achieve desired 
enhancement of thermal levelling, and at the same 
time achieve good solder reflow. Moreover, when a 

is plurality of hot air knives is employed in reflow 
Zone V. it is found that operating the first hot air 
knife just about at the normal reflow temperature of 
the solder or even slightly below the reflow tem- 
perature may further enhance thermal levelling. In 

20 such case the remaining air knife or air knives 82, 
84 should be adapted to preheat the air to a 
temperature above about 400 °C so as to provide 
the necessary heat input to achieve reflow tem- 
perature. Air flow from hot air knives 82 and 84 

25 should, of course, be at a velocity sufficient to 
provide the desired heat transfer so as to provide 
adequate heat input to effect reflow soldering and 
will depend on component density, etc. 

The target operating temperatures also will 

30 vary depending on the particular solder alloy em- 
ployed. 

Completing the apparatus is a conveyor sys- 
tem indicated generally "at 12. the latter is of 
conventional construction and typically comprises a 

35 pair of spaced conveyor rails and suitable drive 
means (not shown). Preferably conveyor system 12 
operates substantially in the horizontal plane so 
that boards being processed are carrried by con- 
veyor 12 along a substantially horizontal travel 

40 path. Operating in the horizontal mode minimizes 
possible problems of component shifting on the 
board top surface and also simplifies loading and 
unloading transitions. 

A particular feature and advantage of the 

45 present invention is the ability to create substan- 
tially uniform heating of the component surface 
temperature of a circuit board in a reflow process 
independent of temperature and color charcteristics 
of components* reflectivity, shadowing and nesting, 

so and the like, thus providing more uniform heating 
and soldering of the components and eliminating 
possible thermal damage to individual components. 
Other features and advantages of the present in- 
dention include enhanced energy efficiency due to 

55 capture and recirculation of IR heated air. and 
elimination of expensive and potentially dangerous 
chemicals as are required for vapor reflow solder- 
ing systems. Additionally, the present invention 
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permits emergency shutdown under conditions 
which would eliminate or at least substantially re- 
duce the possibility of damage to boards, permits 
easy and rapid maintenance and repair, and per- 
mits rapid adjustment in overall system tempera- s 
tures so that warm-up and product changeovers 
may be accomplished quickly and easily. More- 
over, the rapidity of the reflow accomplished by the 
focused convection heated air in accordance with 
the present invention minimizes intermetallic io 
growth in the joints, since exposure times at reflow 
temperatures are extremely short. 

Various changes may be made in the foregoing 
invention. For example, IR heaters could be in- 
cluded in the reflow Zone V for providing additional 75 
heat input The combination of IR and convective 
heating also may be advantageously employed for 
temperature leveling in the mass soldering system 
of Comerford, U.S. Patent 4.600,137. Also, if de- 
sired, forced cooling means may be included im- 20 
mediately following the reflow Zone V. 

Still other changes may be made in accor- 
dance with the present invention without departing 
from the spirit and scope thereof. Accordingly, it is 
intended that all matter contained in the above 25 
description or shown in the accompanying draw- 
ings shall be interpreted in an illustrating and not in 
a limiting sense. 



Claims 



30 



1. A solder reflow apparatus for mass joining 
with solder electrical and electronic components 
positioned on a circuit board, and comprising in 35 
combination a preheating zone and a solder reflow 
zone, characterized in that said preheating zone 
consists of a combination of IR heating means and 
convective heating means for heating said board 
and components to just below the solder reflow 40 
temperature, said IR heating means and said con- 
vective heat means being arranged to provide tem- 
perature ramping and stabilization thereby avoiding 
over heating of individual components while equal- 
izing the temperature differences among said 4s 
board and individual components; and said solder 
reflow zone comprises convective heating means 
for directing heated gas stream across said board 
and components to raise the temperature of said 
board and components sufficient to reflow solder 50 
preforms and/or solder paste or cream thereon. 

2. A solder reflow apparatus according to claim 
1, characterized in that said preheating zone is 
contained within a gas-containing enclosure, and 
including recirculating means for withdrawing from 55 
the enclosure hot gas heated by radiation from the 
components and recycling at least a portion of the 
withdrawn gas as said convection stream. 



3. A solder reflow apparatus according to claim 
2, characterized by additionally comprising: 

(a) heater means disposed in-line with said 
recirculating -means for adding additional heat to 
said recycle gas stream before reintroducing it into 
the enclosure as said convection stream, and in- 
cluding temperature control means for sensing the 
temperature within said enclosure and for adjusting 
said heater means to heat said recycle gas stream 
to a predetermined temperature; or 

(b) means operably connected to said recir- 
culating means for introducing cooler outside gas 
to said recycle stream before reintroducing it into 
the enclosure, and including temperature control 
means for sensing the temperature within said en- 
closure and for adjusting the mixture of said out- 
side gas and said recycle stream to a predeter- 
mined temperature. 

4. A solder reflow apparatus according to any 
of claims 1 to 3. characterized by additionally com- 
prising: 

adjustable nozzle means for directing a portion 
of said convection stream across and around se- 
lected components. 

5. A solder reflow apparatus according to any 
of claims 1 to 4, characterized in that said IR 
heating means and said convective heating means 
are arranged to provide temperature ramping and 
stabilization thereby avoiding overheating and ur> 
derheating of individual components while equaliz- 
ing the temperature differences among said board 
and said individual components; and said solder 
reflow zone comprises at least one knife-edged hot 
gas nozzle for directing said heated gas stream 
onto said board and components. 

6. A method for mass reflow soldering elec- 
trical and electronic components positioned on the 
top side surface of a circuit board by heating the 
board and components sufficiently to reflow solder 
preforms, solder paste or cream thereon to elec- 
trically and mechanically join any components 
thereon to the board characterized by the steps in 
sequence of: 

(a) subjecting said board and components to 
a combination of IR heating and convective heating 
whereby to raise the temperature of said board and 
components to just below the solder reflow tem- 
perature; and 

(b) directing a heated gas stream across 
said preheated board and components whereby to 
raise the temperature of said board and compo- 
nents sufficient to reflow any solder preforms, sol- 
der paste or solder cream thereon. 

7. A method for mass reflow soldering accord- 
ing to claim 6, characterized in that said preheating 
is preformed within a gas-containing enclosure, and 
including the step of withdrawing from the enclo- 
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sure hot gas heated by radiation from the compo- 
nents and recycling at least a portion of the with- 
drawn gas for said convective heating. 

8. A method for mass reflow soldering accord- 
ing to claim 7. characterized by the steps of sens- s 
ing the temperature within said enclosure, and (a) 
heating the recycle gas to a predetermined tem- 
perature, or (b) mixing outside gas with the recycle 

gas to a predetermined temperature. 

9. A method of mass reflow soldering accord- w 
ing to any of claims 6 to 8. characterized by 
directing a portion of the recycle gas across and 
around selected components. 

10. A method of mass reflow soldering accord- 
ing to any of claims 6 to 9. characterized by is 
directing a first relatively low velocity heated gas 
stream across and around said board, components 

and solder whereby to heat cooler components and 
cool hotter components thereby to stabilize the 
components at a substantially uniform temperature 20 
slightly below the reflow temperature of solder prior 
to reflowing, and directing a second, relatively high 
velocity heated gas stream as a narrow knife- 
edged stream against the components and board 
whereby to additionally heat the top side surface of 25 
the board, solder and components to a temperature 
above the reflow temperature of solder. 
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